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Introduction
The focus of the research as highlighted in the proposal is the development of new diagnostic agents for identifying and probing prostate cancer. Flutamide, a non steroidal antagonist of the androgen receptor, is a current medical treatment of prostate cancer. 1 The proposed work involves the synthesis of novel modified flutamide derivatives that incorporates radionuclides ( 99m Tc, 188 Re) into the framework of the system as unique organometallic species, M(CO) 3 + . These radionuclides have an important contribution to the molecule by providing a mechanism to directly image and therapeutically treat prostate cancer at the primary and potentially secondary sites. The potential outcome of this work would be the development of radioactive incorporated flutamide compounds that can be used to actively monitor existing treatment protocols and to provide an enhanced therapeutic value in conjunction with associated emissions.
The compounds may also have potential use is evaluating hormone refractory syndrome as cancer cells become drug resistant or mutations occur.2
Body
The proposed scope of work for year one has been primarily achieved. The objectives listed in the scope of work initiate the synthesis of flutamide modified compounds and the preliminary characterization of complex experimentation with Re and Tc-99m as listed in the year one objectives illustrate in bold below.
Year One Objectives
• Synthesize and characterize flutamide linked L-amino acid ligands
The laboratory progress has succeeded in the development of a synthetic pathway for the formation of a general multi-functional precursor of flutamide to link with ligands.
( Figure 1 ) Although the synthesis was originally considered to be straightforward, product decomposition and relative low synthetic yields initially hindered results. Initial work focused on the development of a generic flutamide species that had the potential to serve as a general alkylation species for a number of ligands. The proposed species is formed by the reaction of 3-trifluoromethane 4-nitro aniline with bromo acetyl bromide to yield an amide linkage between the aryl amine and the acetyl bromide to yield 2-Bromo-N-(4-nitro-3-trifluoromethyl-phenyl)-acetamide (1). Compound 1 is suggested due to the reactivity of alkyl bromides with variety of nucliphiles (i.e., N, S, O, P), which would the number of potential systems explored. The initial synthesis of this compound 1 yielded a mixture of results. The reaction was initially prepared in a fashion to analogous aryl amide formation by reacting the above reagents in a 1:1 fashion in an ice bath over an hour. The starting materials were found to have only partially reacted to form the desired amide (20-30%). Albeit lower than desired yields, purification of the compound 1 from the 3-trifluoromethane 4-nitro aniline starting material proved more tedious than expected. After many attempts at purification via recrystallization and column methods, a small amount of pure compound 1 was obtained. However, the isolated yields of pure 1 were much lower (~10%) than the original reaction yields due to the coelution of the 3-trifluoromethane 4-nitro aniline starting material with the product.
Modifications in the synthesis were required to achieve the desired yield and purity of compound. The yield of 1 was observed to improve with the elongation of mixing time (40-50%). However, the dilemma of purification of the product from unreacted starting material still existed. The increased addition of bromoacetyl bromide to 1.5 equivalents to 1 equivalent of the 3-trifluoromethane 4-nitro aniline starting material combined with the elongation of reaction time proved to be significant in increasing the yields (80-90%) and the isolated purity by minimizing the unreacted starting material. Using this modified method, multi-gram synthesis of compound 1 have been carried with excellent yield and purity. An alternative approach was developed to directly react cysteine with 1 without the use of protecting groups thus avoiding potential cleavage of the amide bond. This approach utilizes the reactivity of the thiol group over the amine in an aqueous sample.
( Figure 3 ) In the literature reports alkylation of a thiol can be achieved in a strongly alkaline media (1M NaOH, pH=12). From initial experiments, the strong basic solution initiated cleavage of the amide bond in 1. To avoid cleavage, the reaction was carried out at a pH between 8 and 9 and stirred at room temperature overnight. This method did yield some of the desired product (20%), however, the majority of the material was the poorly soluble unreacted starting material, which proved very challenging to purify 4 from the starting material 1.
The reaction was carried out at a higher temperature at 50 °C to facilitate product formation. However excessive heating led to the isolation the 3-trifluoromethane 4-nitro aniline, the amide cleavage product/starting material. It was apparent the insolubility of 1 in water was hindering product formation at room temperature and excessive heating at basic pH increase the cleavage of the amide bond in 1 so the addition of a miscible organic solvent, dimethyl formamide, was selected to add to the reaction. Although initially a good idea to improve solubility, it did not yield the desired product. Other miscible organic solvents were also investigated yielding similar poor results as before.
Surprisingly, the addition of an immiscible organic solvent, methylene chloride, proved to be very successful to yield the desired product in excellent yields (>95%). The alkylation reaction of the thiol in the biphasic system was so successful at ph=8 that Flutamide linked Histidine ligands were also attempted in parallel with the cysteine analogs. (Figure 4 ) The initial synthetic route proved to be partially successful.
Alkylation to the imidazole ring was achieved in refluxing acetonitrile, indicating thermal stability in a neutral organic solvent. The first step in the deprotection was also successful by the ring opening carbamate formation reaction with 9-Fluorenylmethanol appeared to be successful. However, after the second step involving the cleavage of the carbamate and the methyl ester with LiOH: MeOH 1:3 the resulting the amide cleavage product/starting material, 3-trifluoromethane 4-nitro aniline, was observed. The development of an alternative starting material with an acid cleavable group, such as tert butyl alcohol, is in current developmental stages for the histidine system. Even though the preparation of the free histidine linked flutamide ligand 7 is currently unsuccessful, an alternative approach for the production of the rhenium complex was utilized. 4 The desired product was formed by alkylation of the ε N on the imidazole ring of Re(CO) 3 histidine 6 complex when reacted with 1 in the presence of Cs 2 CO 3 in a acetonitrile solution at room temperature overnight. The reaction yielded the desired complex Re(CO) 3 7 in moderate yields 50-60%. The product was isolated as the major species when stirred at room temperature. However, heating the sample even at 40 °C with the base caused multiple products to be observed in the HPLC trace.
The product was purified by column chromatograph. This method may also provide the free ligand for the 99m Tc studies by selective removing the Re metal from the complex by acidic oxidation. This approach is currently under investigation to determine the stability of the ligand during Re deprotection. • Conduct preliminary stability studies Several studies investigating the stability of the ligand and metal (Re, 99m Tc) ligand complex have been highlight in the preceding sections. Both on the chemical and radiological species appear to have a reasonable degree of stability. The main challennge in the study is the synthetic pathways, where prolonged exposure to heat, sensitivity to basic pH's, and the combined effect can lead to degradation of the flutamide analogs. The studies illustrate the metal complex is robust, while the most sensitive portion of the ligand system is the amide bond that is particularly prone to cleavage. By selecting neutral or acidic conditions, the degradation of the amide bond is minimized yielding the desired complex.
• Synthesize and characterize flutamide linked with linear tridentate ligands Due to the initial challenges with the synthesis and coupling with compound 1, efforts were primarily focused to understand the chemistry of the tripodal ligand systems. A linear ligand system was developed based on the cysteine system. Cysteine was modified by alkylating a pyridyl group on the thiol. (Figure 6 3-trifluoromethyl-4-nitro aniline, (1.2605g, 6.1mmol ) was dissolved in 40.0mL CH 2 Cl. 1.29mL (9.2mmol) of (C 2 H 5 ) 3 N was added.
Reaction mixture was chilled in ice bath for 30 minutes. 802µl (9.2mmol) of bromoacetyl bromide where dissolved in 10.0mL of CH 2 Cl and added dropwise to the reaction mixture.
Reaction turned from yellow solution to amber color solution. Reaction was followed by HPLC.
After two hours a single peak was seen at 19.67min. Solution was washed 3X (50.0mL each) with 0.1M NaOH and H 2 O. The reaction mixture was evaporated and dried. The compound was purified by a silica gel column (5% Ethyl Acetate, 95% Hexane) RF=0.1 and followed by TLC (25%Ethyl acetate, 75% Hexane). 1.6126 g of product was collected (81%yield and at stirring at room temperature for 3 days. A yellow precipitate belonging to our product was seen. The precipitate was filtrated and dried. The compound was further purified by prep HPLC or a silica column (95%MeCl2/ 5% MeOH). 43 % yield Re(CO) 3 Hise N-N-3-trifluoromethyl-4-nitro phenylacetamide. Re(CO) 3 His (52.9mg, 0.12mmol) was dissolved in acetonitrile (5.0 mL) followed by the addion of compound 1 (45.4mg, 0.14mmol) and Cs 2 CO 3 (44.7mg, 0.14mmol) to the reaction. The reaction was stirred at room temperature and followed by HPLC. After 2.5 hours the reaction was observed to have gone to completion. The majority of the product was present in the solution. The solution was filtered to remove the salt precipitate and dried. The solid was further purified by column chromatography. 59.2mg of product was collected (69%yield) HPLC RT 19.32 Figure 10 . HPLC trace of the formation of Re(CO) 3 Hise N-N-3-trifluoromethyl-4-nitro phenylacetamide from fac-Re(CO) 3 His and compound 1. Boc-cys-S-ethylpyridine, 9. To a solution of cys-ethyl-pyr (.3060g, 1.352mmol) in methanol (100mL) were added at 40°C, triethylamine (.418mL, 1.487mmol) and di-tert-butyl-dicarbonate (.6270mL, 4.462mmol). The mixture was then stirred at room temperature for 24h. After removal of the solvent, the product was purified by silica gel column chromatography using a solvent system of 5% methanol in methylene chloride, then 10% methanol in methylene chloride after 1L of 5% solution was used. (99.82%yield) HNMR (CD 3 OD) pyr (dd, 1H, 8.518), pyr (td,
